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Imoiicotions  far  4m  Air  Fore* 


Traditionally  there  has  been  a considerable 
lag  between  the  time  a new  piece  of  equipment 
is  introduced  into  the  field  for  operational  use 
and  the  time  at  which  a supply  of  technicians 
trained  to  service  and  maintain  the  equipment  be- 
comes available.  Since  effective  operational  uti- 
lisation of  equipment  la  dependent  upon  adequate 
majr.tensnre,  this  time  lag  is  of  serious  concern. 

This  Research  Review  describes  progress  to 
date  in  a program  of  research  directed  toward  de- 
veloping procedures  by  mean*  of  which  mainte- 
nance requirements  of  new  equipment  can  be 
specified  prior  to  the  introduction  of  the  equip- 
ment into  operational  use. 


simplification  of  technical  orders,  with  respect 
to  terminology  and  form  of  presentation,  became 
evident.  The  research  aico highlighted  the  impor- 
tance of  coordinating  equipment  design  and  job 
design  at  an  aarty  at  age  of  equipment  development. 
Effective  equipment  design  must  take  into  ac- 
count the  capabilities  and  the  limitations  of 
the  human  beings  on  whom  effective  operations] 
use  of  the  equipment  depanda.  Another  important 
outcome  of  the  project  was  development  of  the 
"Standard  M si  tSenance  Fora.  "This  form  provides 
a procedure  whereby  malfunction  data  can  be  re- 
con  led  simply  and  in  an  organized  fashion  to 
yield  a basis  for  meaningful  analyses  of  mal- 
functions. 


The  procedures  developed  involve  the  estab- 
lishment ot  maintenance  requirements  on  the  basis 
of  prototype  equipment  and  determination  of  the 
degree  to  which  these  maintenance  requirements 
also  apply  to  the  operational  equipment.  Basic 
to  this  procedure  is  an  analysis  of  what  a man 
must  do  in  order  to  citeck,  adjust,  trouble  shoot, 
and  repair  equipment,  or  replace  components. 
Information  as  to  these  requirements  can  be  ob- 
tained through  an  analysis  of  the  equipment  it- 
self and  from  emsiysis  cf  such  supplementary 
dstaas  malfunction  records. 


rllthough  valuable  by-products  have  been  yield- 
ed, the  major  outcome  of  this  research  program 
concerns  the  prediction  of  maintenance  require- 
ments of  operations!  equipment  from  prototype 
data.  Research  now  in  progress,  and  future  re- 
search, will  demonstrate  whether  specific  and 
detailed  maintenance  job  requirements  can  simi- 
larly be  anticipated  with  other  equipment.  If  these 
maintenance  requirements  can  be  predicted,  the 
methods  of  job  requirertoel  anticipation  developed 
in  this  research  can  be  recommended  as  standard 


The  techniques  which  were  deveioped  ware 
applied  to  the  Q-24  prototype,  and  the  informa- 
tion yielded  compared  with  results  of  s similar 
analysis  of  the  production  model  of  the  Q-24  used 
in  the  Strategic  Air  Command.  The  requirements 
for  checking,  trouble  shooting,  and  for  other  as- 
pects of  the  maintenance  job  down  to  the  replace- 
ment of  plug-in  aaaembites  or  "black  boxes," 
established  through  analysis  of  prototype  equip- 
ment, proved  very  similar  to  the  requirements  aa 
established  by  application  of  the  technique  to 
operational  equipment.  This  indicates  that  im- 
portant progress  could  have  been  made  in  the 
training  of  Q-24  mechanics  prior  to  the  introduc- 
tion of  production  models  of  the  equipment.  De- 
finitive information  was  not  obtained  regarding 
the  correspondence  between  prototype  and  pro- 
duction models  with  respect  to  requirements  for 
reoaitingof  equipment  within  the  "black  boxes." 
There  is  reason  to  believe,  however,  that,  even 
with  respect  tc  these  activities,  training  require- 
ments could  be  established  on  the  basis  of  anal- 
ysis of  the  prototype. 

This  tesearchalso  had  other  valuable  outcomes. 
v <■,  example,  an  important  requirement  for  the 


practice.  It  accurate  aatlcipstios  sf  sziutasssca 
job  requiiw*t*s  can  be  achieved,  years  of  lead 
time  can  be  saved  whenever  it  is  deemed  desira- 
ble to  take  the  "calculated  risk"  that  the  proto- 
type equipment  actually  will  go  into  production. 

This  Research  Review  will  be  of  interest  to 
training  personnel,  operational  personnel,  and 
military  psychologists. 


Arthur  tf.  Hal  ton  V 


Arthur  V.  Melton 
Technical  Director 


Herbert  N.  Cowles 
Cob,  USAF 
Commanding  Officer 
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Anticipating  Tomorrow  s Mointenonct  Job 


Cemplex  Machines  and  SiatpS«  Jsbi 

Frequently  a coaaidetnbla  period  elapaaa  be- 
tween the  time  a new  equipment  is  sent  into  the 
field  for  operational  use  and  the  time  st  which 
technicians  trained  to  service  that  equipment 
become  svsllsble.  This  impairs  operational  wti- 
Uxation  of  the  equipment  until  such  time  ss  ade- 
quately trained  technicians  are  available.  It  is 
therefore  highly  Important  to  develop  procedures 
whereby  maintenance  requirements  of  new  equip- 
ment can  be  specified  prior  to  the  introduction 
of  the  new  equipment  for  operational  use.  This 
can  make  possible  prior  training  of  maintenance 
personnel  and  redaction  of  rite  time  lag  between 
introduction  of  new  equipment  and  the  availability 
of  trained  maintenance  personnel  in  sufficient 
number  to  meet  operational  requirements.  A con- 
tribution towards  reaching  this  ideal  can,  of 
course,  fee  made  through  simplification  of  the 
maintenance  took. 

fhe  research  encored  by  inis  report  is  directed 
primarily  towards  the  davmlo paws  of  mmmthod 
tat  anticipating  mmintaamaco  jab  raggyeManfa 
prior  to  the  introduction  of  <nio 

the  field.1  The  steps  in  the  following  section 
summarise  what  was  done  la  arriving  st  a method 
for  making  such  anticipations. 

fniWiwiy  ImtitlfHlM 
kii'W  Iwqulry;  {•iMtlM  •#  • hr  M|r 

in  this  investigation  of  procedures  for  antici- 
pating maintenance  job  requirements,  it  was  fait 
necessary  first  to  select  an  equipment  or  equip- 
ments which  would  be  the  focai  point  for  the  re- 
search. Although  the  primary  concern  eventually 
would  be  with  anticipating  maintenance  job  re- 
quirements for  equipments  which  had  not  yet 
been  built.  It  seemed  at  this  stage  that  an  exist- 
ing equipment  would  provide  a mote  concrete 
basis  for  tbs  preliminary  investigation.  The  Air 
Force  suggested  tbs!  airborne  bombing-naviga- 
tional equipment  would  probably  offer  a fruitful 

^ nu • rrpoii  r^miflli  « nunaary  prrrmtauon  o I ma 
(•Hal  included  in  met  a «i«cr.>lvj  Uchr.lct*  puhlingtio.'ib 
Capita  o/  that*  publication*  ara  available  upon  rtfiatt 
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research  area,  in  keeping  with  this  suggestion, 
the  AN/APQ— 24  Radar  Set,  manufactured  by 
Western  Electric  Company,  and  the  K-i  Bombing- 
Navigational  System,  manufactured  by  Sperry 
Gyroscope  Company,  were  selected  for  study. 
When  this  study  was  initiated,  the  Q-24  had  been 
in  use  for  some  time  longer  than  the  K-I.  Tie 
investigation  was  therefore  started  on  the  Q-24 
In  order  to  take  advantage  of  die  greeter  backlog 
of  experience  on  that  equipment. 

it  was  thought  desirable,  after  the  particular 
equipment  had  been  selected  for  a focai  point,  to 
gather  ss  much  information  about  the  job  of 
maintenance  ss  could  practicably  be  obtained. 
Is  particular,  information  pertaining  to  Q-24  main- 
tenance was  sought.  On  the  hesia  of  this  pre- 
liminary information,  it  might  be  possible  to  de- 
velop more  refined  techniques  of  investigation, 
if  such  were  required. 

It  seemed  that  one  way  to  collect  some  of  this 
information  would  be  to  study  the  records  which 
had  beau  kept  of  maintenance  activities.  Con- 
sequently, this  possibility  was  investigated  firat. 

mUSHaac  Rwali 

Visits  were  made  to  Air  m&tollei  Command 
(ABC)  and  to  the  base  at  which  advanced  engi- 
neering testing  of  die  Q-24  was  being  carried  out. 
Maintenance  records  were  studied  in  the  hope 
that  they  would  revaal  the  kinds  of  problems  main- 
tenance mechanics  were  required  to  solve.  More- 
over, it  was  hoped  that  some  information  might 
be  gleaned  from  the  records  on  how  the  mechanics 
solved  these  problems.  A comparison  of  these 
two  aspects  of  maintenance  between  prototype 
and  production  models  wouid  be  one  index  of  the 
degree  to  which  maintenance  job  requirements 
could  have  been  anticipated  tor  the  Q-24.  It  was 
found,  howver,  that  although  some  infonnetioc 
was  available  on  the  malfunctions  which  had 
been  encountered,  these  records  provided  no 
data  cn  other  appccca  of  the  maintenance  job.  The 
general  conclusions  as  to  the  limited  usefulness 
of  these  records  were  confirmed  by  the  reports 
of  various  maintenance  officers.  These  conclu- 
sions were  that  the  so-called  "Unsatisfactory 
Reports"  did  not  cover  all  malfunctions  which 
developed  in  the  course  of  engineering  testing 
or  in  operations.  Therefore,  these  reporis  could 


not  be  trusted  bs  being  representative  of  aeiate- 
nance  problems.  Second!;,  the  report*  frequently 
omitted  clear  (or  in  fact,  any)  statements  of  symp- 
toms.  Usually  the  final  corrective  action  or  re- 
placement made /eras  all  that  w*f  stated  in  the 
report  This  is  to  some  degree  understandable 
since  the  principal  basis  for  the  report  was  to 
help  the  factory  improve  the  deaign  of  the  equip- 
ment 

In  interviews  with  parsons  on  these  field  trips 
it  was  an  geated  that  the  technical  orders  for  the 
equipment  migirf  offer  soma  clues  for  direction 
of  the  investigation.  This  source  was  therefore 
looked  Into  next 


Ttdt«i«i  o»a»n  »s  a*  o>u  i *■*»■«■»< 

It  was  thought  that  study  of  the  technical  or- 
ders would  provide  mote  inf  oimaticn  on  the  •frac- 
ture, responsibilities,  end  problems  of  tkz  sztz- 
taaance  job.  Technical  orders  an  the  K.-1  were 
not  yet  available  at  that  time,  but  the  technical 
orders  for  the  Q-24  droved  quite  clearly,  when 
a hi  died  in  the  light  of  what  had  been  learned  In 
lrterviewa  with  personnel  in  fits  field,  that  the 
Job  of  meinteasnee  consisted  of  wore  than  Jest 
Hadtig  troubles  In  a Malfunctioning  sat.  Much  of 
the  Job  apparaatly  consisted  of  relatively  rostine 
ectivities  each  as  checking  the  sqsJpmant  for 
paoper  opentioa. 

It  seemed,  therefore,  that  aaff>'*ient  infooaatioa 
had  been  collected  to  peait  setting  up  a tenta- 
tive outline  of  mala  terrenes  Job  activities  at  this 
Uaw.  This  outline  would  help  structure  data  col- 
lection end  other  research  activities. 

PrSuloa  St  Manure**  M 

The  first  point  which  rraa  astabllshad  was  that 
the  project  would  bs  concerned  only  with  the  tech- 
nics aspects  of  the  job.  That  Is,  given  an  equip- 
Dtm  and  the  necessary  tools  and  test  equipment, 
whet  nest  the  sSalnUoaoce  mechanic  do  In  order 
to  periods  hie  Job?  Other  aspects  such  as 
motivation  of  the  mechanics,  although  critically 
Important,  sere  set  aside. 

Following  the  initial  Invest!  gati. ms  In  fits  field 
and  preliminary  study  ef  the  technical  manuals, 
some  definitions  were  core  or  less  afbltratily  set 
up  by  the  project  stuff.  These  definitions  were 
intended  to  be  exhaustive  of  the  technics!  aspects 
of  the  an  In  ten  a nee  job. 


The  first  of  these  definitions  was  that  of  the 
maintenance  job  as  such.  The  mechanic's  tachni- 
cal  Job  waa  defined  ss  "finding  out  If  the  equip- 
ment in  operating  within  tolerance  limits,  and 
locating  and  correcting  the  causes  for  out-of- 
tolerance  operation."  These  tolerance  limits  ate 
specified  by  the  manufacturer  as d by  various 
military  agencies. 


Within  this  more  or  leas  general  definition,  the 
functions  of  the  job  were  defined.  These  sre  cov- 
ered by:  checking  and  adjusting,  trouble  shooting, 
replacing  at  components,  and  repairing  of  compo- 
nents. Formal  definitions  were  prepared  for  each 
of  these  categories.  The  later  analysis  of  job 
behaviors  wss  to  revolve  around  these  job  func- 
tions as  they  were  defined.  No  new  categories 
appeared  from  later  investigation. 

The  preliminary  analysis  outlined  above  pro- 
vided the  groundwork  for  succeeding  steps  in 
this  research.  With  as  equipment  selected  for 
initial  work,  a preview  obtained  regarding  what 
could  be  expected  from  maintenance  records  and 
technical  orders,  and  the  maintenance  jab  tenta- 
tively defined,  it  was  possible  now  to  begin  fill, 
lag  out  the  preliminary  analysis. 


Filling  Ovt  An  Pnti  Hu  inary  Analysis 

Itnzrrntwm  n»  factory  design  engineers.  Trips 
wera  made  to  the  factories  which  manufactured 
these  equipments.  Interviews  were  held  with  the 
personnel  who  wen  intimately  involved  In  the 
design,  construction,  recording  of  data,  end  other 
functions  having  to  do  with  the  prototype  and 
production  model  development.  Information  and 
Informed  opinion  were  obtained  as  to  the  kind  and 
extent  of  maintenance  job  behaviors  which  could 
be  predicted  from  prototype  equipment  The  opin- 
ions expressed  by  different  people  tended  to- 
ward wide  divergence.  These  divergences  wet* 
reconciled  lets;  in  the  course  of  tire  project  as 
Silking  from  different  interpretations  of  the  "main- 
tenance job." 

Sttxfy  ot  oxmtiitt  training  ot  electronics  main 
fanance  personnel.  Visits  were  paid  to  various 
installations  which  trained  maintenance  me- 
chanics tot  the  AN/APQ-24  sad  K-l  jobs  in  an 
effort  to  detersiins  what  were  the  sources  of  job 
data  used  in  setting  up  the  training  programs. 
These  visits  Included  factory  training  extsbllsh- 
ueata  and  Air  Training  Command  installations. 
Some  inquiry  waa  also  cond>,‘^*.d  into  on-the-job 
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training  In  the  Strategic  A'.r  Command.  Course 
sylirbuses  end  other  printed  material  used  in 
trainingwere  obtained.  Inquiry  ass  made  stHeed- 
quarter*  Air  Training  Command,  Keesiet  AFB, 
and  Lowry  AFB  as  to  how  training  requirements 
v'tt*  obtained  by  ATRC,  and  from  what  job  be* 
havior  data  the  curricula  were  established  and 
training  criteria  set  up.  • c oj-vn ihIuic  persons 

interviewed  expressed  regret  that  they  could  not 
provide  useful  information  as  to  the  source*  of 
such  data  and  disappointment  over  the  fact  that 
no  such  sources  seemed  available. 

Collecting  of  maUmction  record*  mt  Ah  Pro v 
ing  Ground.  Several  visits  were  paid  to  tbs  Air 
Proving  Ground  in  an  effort  to  iearn  more  about 
what  happened  during  operational  suitability 
testing  in  view  of  job  anticipations.  Charac- 
teristic procedures  were  set  down.  CopWs  of 
malfunction  records  wrre  obtained,  but  like  the 
records  at  AMC,  they  seemed  to  lack  complete- 
ness of  coverage  (malfunctions  considered  miner 
from  tbe  standpoint  of  equipment  modification 
tended  not  to  be  records*!)  mud  individual  reports 
lacked  important  behavioral  data. 

Vi*  it*  to  Strategic  Air  Command  haves  to  atodf 
on-the-job metiritw*.  Two  SAC  bases  were  visited 
for  several  weeks  each.  Each  of  these  bases  had 
some  electronic  equipment  of  the  type  under  study. 
Octhcjob  activities  »cTe  observed  directly,  a 


study  was  made  of  types  of  job  assignments  given 
to  various  echelons  of  maintenance,  and  methods 
of  gattingmai function  records  were  noted.  Copies 
of  malfunction  records  were  made  for  later  analy- 
sis at  the  American  Institute  for  Research.  In- 
formation and  opinion  were  obtained  by  extensive 
interviews  with  personnel  from  commanding 
officers  to  airmen. 

Although  the  distinction  between  echeions  of 
maintenance  (such  as  night  line  vs.  shop  leveled 
wss  fairly  well  established,  assignment  of  indi- 
viduals wag  by  numerical  need  rather  than  by 
kind  or  level  of  training.  For  example,  individ- 
uals were  found  working  In  the  shop  who  had 
been  trained  only  fc~  the  job  cf  checker  at  the 
flight  line  level  of  atintenance,  according  to 
then-existing  policy.  Interviews  indicated  that 
trouble  shooting  wa»  genera Uy  more  trial-and-error 
than  systematic.  Attempts  here,  as  in  the  ATRC 
installations,  to  obtain  a set  of  systematic  trou- 
ble-shooting techniques  were  met  by  some  varia- 
tion of  the  statement:  A good  trouble  shooter  ha a 
to  have  "experrenie, " and  ha*  to  "know"  hi a 


equipment.  Further  attempts  to  pin  down  the  be- 
havioral variables  in  what  wss  meant  by  "ex- 
perience" and  "knowing  the  equipment"  led  to 
paraphrases  of  the  original  statement  as  quoted. 

Utlllcettoft  v^!au»a»u  RecertU 

~ - mentioned  in  the  previous  paragraphs,  main- 
tenance records  In  existence  st  the  time  of  this 
investigation  did  not  contain  the  behavioral  data 
newled  for  this  research.  In  view  of  the  dissat- 
isfaction with  maintenance  records  felt  not  only 
by  American  Institute  for  Research  personnel  but 
by  many  key  persona  dealing  withthia  equipment, 
the  development  of  a new  repotting  form  was  un- 
dertaken. Many  responsible  persons  connected 
with  both  design  and  maintenance  of  airborne 
electronic  equipment  had  agreed  that  a systematic, 
standardised  method  of  reporting  maintenance 
activities  would  be  valuable  in  improving  future 
maintenance  as  wail  as  providing  the  job  be- 
havior data  required  for  this  research. 


0»*ili  yii«  *1  a Si i V tV  Ualwaaeaaa  Pam 

In  view  of  the  die  satisfaction  with  malfunction 
records,  felt  not  only  by  the  research  personnel 
bet  by  many  key  persons  dealing  with  ibis  equip- 
ment, the  development  of  a new  reporting  form 
wss  undertaken.  This  new  report  torn  «.«<oe  to 
be  known  as  a Standard  Maintenance  Form  (SMF). 
It  was  intended  to  be  "standard'*  for  a given 
equipment,  although  most  of  the  categories  in- 
cluded in  this  form  were  believed  to  be  relevant 
to  any  electronic  equipment  and  to  some  me- 
chanical equipment.  The  form  was  based  on  an 
analysis  of  the  Information  needed  in  getting  to 
know  about  tbe  mechanic’s  job  as  well  as  about 
the  equipment  and  operations.  It  wsa  expected 
to  require  a minimum  of  writing  while  getting  a 
maximum  of  clearness  and  detail  as  to  what  hap- 
pened In  every  maintenance  incident.  Maintenance 
activity  analysis  !>»«  on  these  SMF  reports 
would  tell  the  kinds  of  trouble  which  came  np, 
the  Ilnai  corrective  action,  and  some  of  the  steps 
In  between.  It  would  also  direct  attention  to 
problem  spots  in  the  equipment  and  indirectly  to 
problems  in  carrying  out  the  maintenance  job. 
(A  sample  Standard  Maintenance  Form  is  presented 
in  Appendix  A.) 

A detailed  »et  of  purposes  and  a rationale  was 
prepared  for  the  SMF.  In  the  rationale  each  item 
or  category  was  reiateo  to  one  or  more  purposes, 
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•ad  a diacuasioa  was  given  •■  to  bow  the  data 
obtained  would  aarvc  that  purpose  0). 

T.  rcu*i  *•  ll«o»ovrf  M<lnt»ii<i«»  F*aa 

After  several  preliminary  revisions,  the  SMF 
was  tried  out  at  Hunter,  Castle,  and  Carswell  Air 
Force  Bases.  It  was  also  used  briefly  at  Eglts 
AFB.  The  form  and  its  purposes  were  endorsed 
by  persons  of  staff  responsibility,  and  the  fore: 
danonsaated  that  It  could  provide  mnrr  useful 
information  than  any  other  record  system  aeon  to 
that  date.  It  became  clear,  however,  that  the  coo* 
aistact  see  of  a new  record  system,  no  natter  how 
useful  it  aright  bw,  requires  s propara  of  indoo* 
trinstion,  training,  and  monitoring.  Thin  program 
seemed  oatalde  tha  scope  ted  raaoarcae  of  (his 
project.  Nevertheless,  the  SMF  can  be  races* 
mended  aa  a sound  principle  in  data  gathering 
for  operations  research. 

Important  aa  SMF  date  may  be  aa  supplementary 
Information,  it  was  found  In  a later  phase  of 
this  research  that  other  procedures  can  provide 
job  anticipation  data  with  less  expense  and  ef- 
fort. This  conclusion  becomes  aU  the  more 
strengthened  when  the  odgUtalpteariae  of  trouble 
shooting  by  frequency  or  “probabilities"  ia  re- 
placed by  flie  sounder  procedure  of  trouble  shoot- 
ing by  logical  elimination.  (See  the  section  en- 
titled "Trouble  Shoo  tin*"  for  a fnHa?  dtecueelcu 
of  mis  topic.) 

An  Alternative  la  Maintenance  It  ace -4s 

It  was  apparent  that  if  a job  anticipation  pro- 
cedure were  developed  which  depended  upon 
maintenance  records  for  Its  date,  application  of 
that  procedure  would  be  difficult.  Furthermore, 
even  with  the  standardized  reportingon  the  Stand- 
ard Maintenance  Foss,  the  behavioral  detail  re- 
quired for  a comprehensive  analysis  of  the  job 
was  lacking.  These  considerations  led  to  a re- 
assessment of  the  approach  which  had  been  taken. 

The  iirst  point  which  came  up  was  the  distinc- 
tion between  the  various  levels  of  maintenance. 
This  problem  had  been  given  very  brief  consid- 
eration earlier.  The  observation  of  operations  :n 
the  field  led  to  revision  in  thinking  on  the  divi- 
sion ot  the  maintenance  job.  This  division  Is 
discussed  in  the  section  which  follows. 

0«vgl*pm«M  ml  Distinct!***  ptw—w 
FIlfK#  Li«s  m4  9»c;  M«intynonc« 

Existing  policy  split  th«*  flight  !»«•  job  ir.tr 
that  of  system  checker  *nd  system  analyst.  The 


man  who  worked  in  tha  shop  was  oaliad  a ooatpo* 
nan#  epenimheU  The  ap.lt  of  line  malatanasee 
into  two  Jobe  seamed  Impractical  In  view  of  field 
conditions.  The  critical  distinction,  however, 
seemed  to  11a  between  line  maintenance  which 
involves  working  down  to  fire  “black  box"  level 
and  shop  maintenance  which  Involves  work  within 
the  “Mack  M's."  ?!sce  this  distinct! or  Is  an 
importa.it  one  for  this  research,  it  deserves  some 
amplification. 

A combination  of  logical  analysis  of  the  equip- 
ment as  a system  plus  the  stadyof  field  practices 
showed  that  the  Job  requirements  of  mechanics 
who  did  checks  and  adjustments  and  trouble 
•hooting  ia  tha  aircraft  on  tha  flight  line  dif- 
fered i&portaatiy  from  the  pattern  of  job  require- 
ments of  shop  mechanics.  The  sharpness  with 
which  this  distinction  between  line  mechanics 
sad  shop  mechanics  is  maria  difiats  from  base 
to  base.  However,  tha  distinction  appears  useful 
In  general,  on  tha  flight  lino  the  mechanic  works 
down  to  the  plog-in  assembly.  If  ha  cannot  bring 
a plug-in  unit  Into  specified  tolerance.  It  cay  be 
replaced  with  a good  one  from  the  shop.  If  this 
lino-shop  distinction  ia  maintained  he  does  not 
trouble  ahoot  within  this  assembly.  Therefore, 
aa  a minimum  requirement  for  this  line  activity 
he  needs  to  “know"  and  woik  with  the  equipment 
only  at  the  brock  diagram  level.  The  block  die- 
gloiu  shows  how  the  various  plng-tn  units  or 
black  boxes  tie  in  with  each  other. 

To  work  arithln  the  assembly  a different  set 
of  knowledges  and  stalls  Is  called  upon.  This 
may  r squire  working  with  circuit  diagrams  and 
soldering  and  unsoldering  wires  within  the  plug- 
in assemblies  in  order  to  test  resistors,  con- 
densers, and  other  parts.  This  mhop  activity, 
Involving  check  and  trouble-shooting  procedures, 
does  not  usually  parallel  the  somewhat  more 
standardized  activities  which  are  a major  portion 
of  the  line  maintenance  job  as  defined  above. 
Although  this  distinction  may  not  be  made  uni- 
formly at  all  bases,  it  is  veiy  useful  in  the  further 
consideration  of  equipment  analysis  and  the  pre- 
diction of  maintenance  requirements. 

These  considerations  would  indicate  that  the 
decisions  of  the  design  engineer  about  the  basic 
piug-in  assemblies  are  critical  ones  to  the  anti- 
cipation of  the  job  of  maintenance  and  the  leve1 
of  training  and  skill  required  on  the  line,  as 
defined  in  the  preceding  paragraph.  In  other 
vorvS.  It  actant  no»K»r>ia  that  the  line  level 
maintencr—e  jobcould  be  anticipated  with  greater 
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aucoesa  than  could  the  shoo  level  lob  when  the 
anticipation  is  based  on  prototype  equipment. 
This  hypothesis  accounts  for  some  of  the  di- 
vergences of  opinion  expressed  eedie?  on  the 
practicality  of  anticipating  maintenance  job  re- 
quirements from  prototype  equipment. 

Distinguishing  between  line  and  shop  levelrt 
of  maintenance  helped  lay  the  groundwork  for  tho 
development  of  the  method  of  equiptmuit  mnmtyeie. 
Since  the  activities  of  the  humans  in  die  m an- 
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machine  system  of  msluienance,  as  reported  in 
maintenance  recon  Is,  were  inadequate  for  the 
task  at  hand,  it  sermed  reasonable  to  turn  to  the 
machine  part  of  the  team.  The  study  of  human 
activities  ms  called  activity  analysis.  Study  of 
the  maintenance  job  requirements  from  the  view- 
point of  the  equipment  was  called  equipment 
analysis.  This  1 attar  technique,  which  has  yielded 
very  satisfactory  resulta,  is  discussed  in  the 
following  section. 


Aaalyai*  • T«Ms« 

Activity  analysis  of  maintenance  behavior  on 
prototype  equipment  even  under  ideal  conditions 
left  large  parts  of  the  iab  unknown.  The  routines 
of  checking,  adjusting,  snd  aligning,  the  de- 
tailed steps  to  be  taken  In  repladng  parts  of 
the  equipment,  were  not  spelled  out.  The  mental 
processes  leading  to  decision*  in  efficient  trou- 


ble shouting  and  correcting  of  malfunctions  were 
not  effectively  covered.  An  additional  technique 
of  getting  job  information  would,  in  any  event, 
be  necessary. 

The  eolation  was  baaed  on  a method  ef  man- 
machine  systems  analysis  which  is  rummadzed 
briefly  in  Appendix  B.2  This  technique,  equip- 
ment analysis,  was  based  upon  the  demands  m mde 
by  the  equipment  on  the  mechanic. 


These  demands  may  be  grouped  under  two 
broad  headings:  (1)  what  information  does  the 
machine  provide ? (This  element  requires  that  the 
me  chords  he  chic  to  road  the  indicators  which 
present  this  information.)  (2)  what  must  the  me- 
chanic do  to  the  equipment  to  get  it  to  operate 
correctly  within  the  specified  tolerenr#.?  Tt»e*e 
two  aspects  are  interdependent.  Therefore,  what 
‘he  mechanic  has  to  »«*•  (or  hoar  or  feel)  and 
interpret  wa«  matched  with  the  specific  things  he 

^A  fuiitr  presentation  of  mev>*machlne  tea* 

•n*ly«l«  wn  ay  R<*L«rt  B.  Millar  in  • p*p«r  pr«««nt«d 

ta  A"»dran  Paycholo|lctl  Aitocialion  miatini  In  Sap- 
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had  to  do.  In  the  cases  where  he  might  have  to 
choose  or  decide  whst  to  do,  the  alternatives 
were  specified.  Finally,  it  was  necessary  to 
specify  whet  te!U<  the  mechanic  that  what  he  ha* 
done  is  correct  or  incorrect  after  be  has  performed 
a given  action. 

In  specifying  the  signals,  or  cues,  which  the 
mechanic  may  observe  snd  the  sections  and  de- 
cisions he  must  make,  there  are  a number  of 
degrees  of  specificity  which  may  be  used.  This 
research,  it  may  be  remembered,  was  concerned 
with  apocifying  job  requirements  for  purposes 
of  training,  it  was  thought,  therefore,  that  con- 
siderable detail  should  be  presented  in  the  analy- 
sis. Consequently,  after  the  tasks  had  been 
named  which  were  appropriate  to  the  job  being 
studied,  a detailed  statement  of  each  action,  de- 
cision, snd  perception  required  to  perform  these 
tasks  was  made.  In  e recent  analysis  of  this 
kind,  over  3000  such  behaviors  were  written. 

Since  such  a large  number  of  activities  must 
be  written  for  the  analysis  of  s single  job  such 
ss  line  mechanic  for  a given  equipment,  it  was 
necessary  that  this  writing  be  standardized.  For 
this  purpose  the  Job  Beh  avior  Form  was  deviswu, 
which  provides  s consistent  format  for  the  re- 
cording of  job  behaviors.  A sample  page  from  s 
Job  Behavior  Form  is  presented  in  Figure  1. 

Actually,  of  coarse,  the  analysis  of  an  eanio- 
meru  SB  complex  as  a radar  bombing  system 
includes  a number  of  phases  not  mentioned  shove. 
The  interested  reader  is  reminded  that  a summary 
of  the  entire  scheme  of  “functional  analysis” 
is  presented  in  Appendix  B. 

This  step-fey-step  analysis  of  job  activity 
requirements  seems  like  a cumbersome  proce- 
dure. Such  detailed  analysis  tsods  to  guarantee, 
however,  that  little  of  importance  will  be  over- 
looked or  taken  for  granted.  Later  paragraphs 
mention  other  advantages  from  this  procedure. 

Tne  job  data  can  be  filled  in  by  inspecting 
the  equipment  itself,  or  from  specifications  of 
thst  equipment,  with  the  help  of  the  engineers 
who  can  Interpret  its  actions  and  functions.  The 
check  point:  and  values,  adjustments,  snd  other 
features  of  construction  are  translated  into  human 
inputs  snd  outputs  of  information  “going  into 
the  mechanic'*  snd  responses  or  response  slten- 
native*,  which  should  “coc.e  out  of  him.”  What 
is  called  “equipment  analysis”  can  be  dor.*  at 
the  prototype  stage  of  development  of  new  equip- 
ment. 
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In  a am  maty,  we  have  teen  the  potential  ad- 
vantage of  being  able  to  predict  In  advance  of 
the  operational  one  of  new  equipment  the  job  re- 
qui— -nenta  for  maintaining  that  equipment.  A 
method  her  been  developed  for  recording,  with 
the  use  of  Standard  Maintenance  Forma,  activity 
involved  in  eliminating  malfunctions  from  the 
prototype  during  its  engineering  teste.  A method 
has  also  bees  provided  for  equipment  uwiyni 
which  spella  out  the  necessary  actions  by  the 
mechanic  and  the  information  available  to  him 
for  guiding  that  action,  Equipment  analysis  is 
based  on  the  way  the  equipment  is  built  and  how 
it  functions.  This  method  may  also  be  applied  to 
the  prototype.  Job  activity  data  and  equipment 
analyst  Hats  supplement  each  other,  it  should 
be  noted,  however,  that  equipment  analysis  pro- 
vides a more  complete  and  probably  wit  i.liabie 
method  of  determining  technical  job  behaviors 
than  does  the  Standard  Maintenance  Form. 

InttpMloii  •(  Equipment  Analyst* 

And  Activity  Analysis 

In  both  applications  of  this  procedure  to  date, 
activity  analysis  data  have  been  either  very 
limited  or  completely  lacking  for  the  prototype. 
Consequently,  activity  data  collected  on  the  pro- 
duction models  were  not  Integrated  with  equip- 
ment analysis.  It  was  felt  that  prototype  and  pro- 
duction model  data  should  be  comparable.  The 
activity  data  which  were  collected,  however,  were 
on  independent  source  of  maintenance  job  behav- 
iors for  both  the  Q-24  and  K-l.  It  should  be  em- 
phasized that  in  both  applications  the  job  activity 
data  added  no  new  behaviors  to  those  obtained 
from  equipment  analysis. 

Equipment  analysis  provides  the  uidficiont 
mad  necessary  requirements  for  the  job  in  ques- 
tion. Activity  analysis,  on  the  other  hand,  cur. 
provide  dots  on  what  is  actually  done  an  the  job. 
When  applied  at  the  prototype  stage,  activity 
analysis  should  gi-e  e p— view  of  later  field 
activities  on  production  models. 

In  both  cos*"  where  the  job  ee.ticipsficn  pro- 
cedure has  been  applied  to  date,  the  equipment 
to  which  it  was  applied  had  been  in  use  in  the 
field  for  some  time.  These  applications  were 
mode  for  the  purpose  of  “preliminary  validation” 
of  the  procedure  and  to  determine  the  extent  to 
which  the  ma.ntenance  job  requirements  could 
have  been  anticipated  on  those  equipments.  In 
these  situations  where  the  testing  of  the  proto- 
types was  completed  prior  to  application  of  the 


procedure,  the  only  job  activity  data  available  on 
the  prototype  were  those  which  had  been  kept 
wtule  that  testing  via  going  an.  Unfortunately, 
these  date  «e?e  very  Halted  la  one  cose  end  com- 
pletely unavailable  in  the  other. 

It  was  thought  desirable,  however,  to  obtain 
practically  all  available  activity  data  on  pro- 
duction models  of  the  equipments.  This  was 
done.  In  the  case  of  the  Q-24,  which  was  the 
first  equipment  to  which  rhe  procedure  was  ap- 
plied, malfunction  problem.';  recorded  during  pro- 
totype teat  In  g were  compered  with  those  obtained 
from  activity  analysis  using  Standard  Mar  otenance 
Forma  during  regular  maintenance  operations  on 
production  pHd  equipments.  The  other  data 
obtained  on  the  SMF’a  had  no  counterpart  in  pro- 
totype data,  ao  they  we*»  used  only  as  supple- 
mentary job  analysis  data  on  the  production  mode! 
Q-24.  In  the  ceee  of  the  K-l,  no  activity  data 
were  available  from  the  prototype.  Consequently, 
the  activity  data  obtained  on  K-l  production 
models  were  used  as  supplementary  production 
model  maintenance  job  analysis  data. 


Ova*- oil  similar!  ft  os  and  Differences  ef  Prototype 
And  Predcrctiefi  Me  dei  MHittanmica 
Per  the  AM/ AP 0-24 

Chocking,  Aborting,  XqlMlot 

Checking,  adjusting,  trouble  shooting,  replac- 
ing, and  repairing  are  the  five  functions  into 
which  the  job  of  line  maintenance  has  been  divi- 
ded in  this  project.  On  the  basis  of  equipment 
analysis  a definite  number  ofbehaviors3  is  spec- 
ified by  each  of  the  functions  of  checking,  ad- 
justing and  replacing.  For  purposes  of  3 summary 
companion  between  prototype  end  production, 
therefore,  these  three  functions  were  grouped  to- 
gether. Before  presenting  the  results  cf  this 
comparison,  a little  explanation  about  the  be- 
havior categories  which  were  set  up  ieerna  to  be 
In  o»de<, 

For  these  three  functions  alone,  several  thou- 
sand behaviors  were  specified  in  the  analysis  of 
the  line  maintenance  job.  It  was  felt  that  the 
detail  and  specificity  cf  this  behavioral  analysia 
was  necessary  fur  a definitive  statement  of  the 
job.  However,  some  way  of  summarizing  this  lerge 
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bulk  of  behaviors  is  also  desirable  for  several 
reasons.  Briefly,  the  lessens  ate:  (a)  die  detailed 
statements  ere  too  unwieldy,  making  it  difficult 
to  obtain  an  over-aii  picture  of  the  job;  (u;  the 
reader  unfamiliar  with  the  equipment  may  be 
puzzled  by  tr«n>  references  to  specific  parts  of 
the  equipment,  the  connotations  of  technical 
symbols  may  suggest  a job  complexity  not  borne 
out  by  the  job  behaviors;  (c)  it  may  be  desirable 
to  abstract  and  generalize  psychological  factors 
which  seem  to  be  common  to  groups  of  super* 
fldaily  different  job  behaviors. 

With  the  above  reasons  in  mind,  main  area 
headings  were  set  up  for  grouping  the  job  behav- 
iors. The  principle  that  behavior,  for  the  purpose 
of  this  research,  mac*  be  adequately  described  by 
specifying  the  stimulus  and  essential  discrimina- 
tion or  perception  required,  the  motor  response 
or  human  output  requited,  the  intervening  sym- 
bolic or  mortal  paocessea,  and  the  criterion  of 
adequacy  of  the  response  wan  the  basis  for  these 
■min  area  headings.  The  subheadings  were  ab- 
stracted from  die  behaviors  in  the  detailed  analy- 
sis. 

With  the  specific  bahaviots  grouped  into  these 
categories,  the  comparison  between  prototype  and 
pro  diction  was  made  for  die  functions  of  check- 
ing, adjusting,  and  replacing  in  line  maintenance 
of  the  0-24.  This  coooarison  is  presented  graphi- 
cally in  Figure  2. 

Al though  there  w m«  uvt  a one-to-one  corre- 
spondence with  respect  to  individual  behavior 
bom  prototype  to  production  model,  the  symmetry 
of  these  two  tallies  is  impressive.  This  symmetry 
would  support  the  hypothesis  that  with  respect 
to  the  patterns  and  relative  frequencies  of  the 
behaviors  as  grouped  by  (home  categories,  the 
checking,  atgusting,  and  replacing  activities  on 
die  prototype  are  veiy  aiiualai  lu  (he  a«sr  job 
functions  on  the  production  models.  (Mote  de- 
tailed comparison  of  these  functions  is  contained 
in  [3].) 

in  addition  to  the  comparison  of  the  behavior? 
of  checking,  adjusting,  ami  replacing,  lest  equip- 
ment used  in  those  functions  on  prototype  and  on 
production  novels  was  compared.  Six  test  instru- 
rjtjk  w»*r  mmmnn  *n  hoth  rmlo(yp»  and  produc- 
tion inodel.  Two  test  instruments  were  used  or. 
the  prototype  only,  and  one  was  unique  to  the 
production  model.  Training  on  the  use  of  test 
gear  used  for  the  prototype  would  certainly  have 
been  appropriate  fot  p.wduction  model  maintenance. 


Repairing 

As  defined  ir.  this  project,  repair  operations  at 
the  line  love!  arc  very  limited.  Host  of  the  repair 
work  is  done  in  the  shop.  Line  level  repair  neems 
fe-lricted  mainly  to  replacement  of  vacuum  tabes, 
repositioning  cable  plug  pins,  mending  broken 
connection  between  wire  and  pin  on  cable  plug, 
and  replacement  of  dial  illuminating  lights  and 
plug-in  relayt.  Although  no  specific  data  were 
available  on  repairing  of  the  prototype,  auch 
activities  aa  those  Just  enumerated  are  common 
to  many  different  equipments.  Consequently.  they 
probably  could  have  been  foreseen  at  the  proto- 
type stage  of  the  Q-24. 

Trouble  Sheeting 

The  moat  important  and  without  doubt  the  moat 
difficult  of  the  job  functions  is  trouble  shooting. 
Trouble  shooting  is  made  up  of  an  indeterminate 
number  of  problems  containing  aa  undetermined 
number  of  steps  in  thair  solutions.  It  therefore 
does  not  lend  itself  to  the  ssme  kind  of  behav- 
ioral analysis  and  comparison  aa  the  other  job 
functions. 

in  order  to  do  an  analysis  of  this  function,  it 
was  necessary  to  spell  out  a technique  of  trou- 
ble shooting,  since  no  well-defined  method  could 
be  found  in  the  Held.  The  merits  of  two  tech- 
niques—trouble  shooting  by  logical  elimination 
of  alternatives  and  trouble  shooting  from  proba- 
bility data  were  studied.  (For  a complete  dis- 
cussion of  kinds  and  levels  of  trouble  shooting 
and  the  requirements  of  each,  seel3J.) 

Trcubl*  ilmnling  from  probability  data  de- 
pends upon  an  accurate,  detailed  record  of  per- 
formance of  the  equipment.  The  m&is  Vaance  me- 
chanic, in  trying  to  find  the  cause  of  a given 
malfunction  symptom  or  group  of  symptoms,  con- 
sults a listing  of  those  corrective  actions  which 
had  successfully  etiminetod  the  symptoms  on 
previous  occasions.  Ho  first  performs  the  eo^ec- 
tive  u.lioa  wukhhadbeen  successful  more  times 
than  ony  other  in  clearing  the  trouble;  that  la,  he 
takes  the  most  probably  effective  corrective  ac- 
tion. tf  tills  fails,  he  tries  (he  next  moat  probable, 
and  so  on.  This  method  requires  reliable  tables 
of  “probably  effective  corrective  actions"  for 
given  symptoms.  Such  tables  must  be  made  trom 
records  of  ^ast  main ienar.ee  work  on  the  equip- 
ment. 
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Btcmse  of  the  great  number  of  symptoms  and 
associated  coirectiva  action*  whicii  can  and  do 
occur,  large  numbers  of  nelfunction  incidents 
se*tn  tobe  required  for  reliable  probability  tables 
of  chiakind.  For  example,  in  the  caee  of  the  Q-24 
100  fwona  of  troublw-ahwoting  problems  (malfunc- 
tion symptoms)  were  abstracted  from  400  er]- 
fuacu'Ht  incidents  favmDtoms  end  their  associated 
corrective  actiooa)  for  the  production  model.  These 
are  obvioualy  not  enough  incidents  from  which  to 


specify  probable  causes  for  the  100  problem 
types.  Even  fewer  malfancti'/a  incidents  (191) 
were  available  on  the  prototype. 

It  muat  be  concluded  on  the  basie  of  tfeasa 
data  and  from  the  necessary  requirements  of  a 
practical  tub i«  of  likely  cau ■ *g  that  the  prototype 
testing  Til!  not  be  very  helpful  for  trouble  shoot* 
based  on  probability  data. 

Trouble  shooting,  however,  may  also  be  based 
on  a systematic  method  of  logic*!  elimination  of 
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possibilities,  the  other  technique  Mentioned  pre- 
viously. This  method  ha;  been  judged  by  elec- 
tronic* engineering  experts  to  be  efficient  as 
well  as  sufficient  for  localizing  the  cause  or 
given  malfunction  symptoms.  Although  the  logical 
sequence  may  be  modified  by  such  factors  as 
accessibility  and  convenience  of  portions  of  the 
equipment  for  checking,  adjusting,  ana  replacing, 
the  basic  technique  is  operationally  sound. 

Application  of  this  technique  requires  use  and 
interpretation  of  the  function  si  block  Ciaa-em  of 
th«  equipment;  pe rfomseace  of  rather  simple  logi- 
cal deductions;  and  use  of  the  skills  snd  knowl- 
edges required  in  the  checking,  adjusting,  and 
replacing  functions.  The  degree  of  similarity 
between  prototype  and  production  for  these  lat- 
ter three  function  a has  been  shown.  The  degree 
of  similarity  between  prototype  and  production 
model  block  diagrams  also  bears  very  heavily  on 
the  ovet-wll  similarity  of  trouble  shooting  of  pro- 
totype end  <?f  production  models. 

A comparison  was  therefore  made  between  the 
block  diagram  of  the  Q-24  prototype  and  that  of 
the  Q-24  production  models.  This  comparison 
showed  a good  many  differences  in  the  locations 
of  test  points  in  the  equipment.  With  respect  to 
ptindpim  of  operation  among  or  in  components 
of  the  equipment  as  they  might  affect  trouble 
shooting  by  logical  oliamstion  at  the  line  level. 
however,  only  three  differences  ware  noted.  Re- 
ducing this  number  to  any  kind  of  percentage 
would  be  relatively  meaningless,  in  view  of  the 
complexity  of  ihe  equipment  and  the  large  num- 
ber of  possible  differences,  however,  it  seems 
sate  to  conclude  that  these  three  diftevences  do 
not  constitute  a serious  dissimilarity  between 
prototype  and  production  mod*;  block  diagrams. 

This  finding  suggests  that,  in  this  case,  line 
le«**  trouble  shooting  could  been  taught  as 
a general  technique  and  almo  as  a specific  skill 
on  the  Q-24  as  soon  am  the  block  diagram  lor  the 
prototype  of  the  Q-24  became  available. 


C emptriioa  v*  AW/'A Fit- ^4  1 raining  or.r! 

Tha  Job  Analysis 

important  tniormation  about  a job  may  some- 
times be  ier  med  by  looking  into  the  basis  fot 
alleged  difficulties  which  technical  school  grad- 
uates meet  when  they  start  their  jobs.  The  dif- 
ficulty, even  tiiough  attributed  to  training, may  ac- 
tually lie  in  'he  assignment  of  personnel  to  i>ain- 


»ng,  tha  wry  in  wltich  the  graduates  are  used,  what 
is  expectedof  ihe  graduates,  the  incentive  or  mo- 
tivstion  situation,  and  perhaps  other  causes. 

in  an  attempt  to  track  down  the  basin  fot  some 
complaints  about  Q-24  mechanics,  the  Q-24 
checker’s  course  and  the  Q-24  systems  analyst's 
course  were  compared  with  the  job  requirements 
of  the  fine  mechanic.  The  reader  should  be  re- 
minded that  lino  mechanic  functions,  as  here 
defined,  consist  of  checking,  a rousting,  and 
trouble  shooting  only  to  the  bind:  box  (subas- 
sembly plug-in)  level  for  which  the  Mock  diagram 
is  almost  always  adequate.  When  a subassembly 
is  disgnosed  to  be  defective,  die  Une  mechanic 
plugs  in  s substitute  replacement.  The  ahop  me- 
chanic, as  here  defined,  diagnoses  sod  makes 
reprirs  within  the  plug-in  unit  which  has  been 
found  to  be  defective. 

An  anslyd.  was  made  of  the  contact  of  the 
training  course  outlines  for  the  checker's  and 
systems  analyst's  courses.  A principal  finding 
was  that  the  content  of  both  these  coursos  cuts 
serosa  the  line  vs.  shop  jobs.  That  is,  the 
checker's  coarse  contained  classroom  and  labo- 
ratory content  applicable  la  part  to  the  Q-2-1  shop 
requirements  and  in  port  to  the  Q-24  flight  line 
job  requirements.  The  same  was  troe  of  tha  sys- 
tems analyst's  coarae.  This  mean*.  that  training 
for  the  specific  job  of  line  mechanic  or  riiop  me- 
chanic was  necessarily  diluted. 

It  should  be  point ea  out  that  extraneous  training 
content  adds  to  the  difficulties  of  the  learning 
and  the  recall  of  whatever  cdt.cal  materials  need 
to  be  learned  and  applied  to  the  job  operations. 
Tula  has  both  pertormaw'-^orr-the-job  conse- 
quences and  motiveticsal  consequences  which 
may  be  undesirable.  As  core  subject  roaaet  ts 
introduced  into  a block  of  training,  the  trainee's 
rate  of  confusion  tends  to  go  up.  If  confusion 
tends  to  occur  during  training,  it  may  be  particu- 
larly evident  in  lster  attempts  to  recall  the  train- 
ing by  putting  it  into  use  in  the  icb  situation. 

Thus,  in  the  performance  check  and  adjustment 
whichthe  line  mechanic  does  on  the  set  there  are 
shout  840  steps  involving  approximately  3100  job 
behaviors.  It  will  be  remembe  red  that  a job  be- 
havior i3  a specific  action  unit  such  ss  « per- 
ceptual discrimination,  a motor  response,  or  s 
decision.  It  is  true  that  nil  the  steps  and  th i*  job 
behaviors  me  not  aitogethei  independent,  and  the 
count  is  arbitrary  in  several  othr-r  respect-.  The 
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attempt  is  made  harp  only  to  damonatrata  that 
thia  ona  phaae  of  tha  job  alone  is  an  extensive 
one.  Approximately  14  hour*  of  the  checker's 
course  seem  to  have  been  allowed  for  actual 
practice  in  the  lcbor  story  of  » conp/efe  perform- 
ance check  on  alive  mock-up  of  the  set.4  It  takes 
a competent,  experienced  Q-24  mechanic  between 
two  hours  and  two  days  to  do  one  complete  per- 
formance chgck. 

Tha  student  had  some  opportunity  to  practice 
check  procedures  on  portions  of  the  set  previous 
to  these  14  hours.  However,  the  nature  cf  the  line 
mechanic’s  job  requires  that  he  learn  tns  charac- 
teristics of  the  set  function.  04  as  a whole.  Because 
of  the  many  interiockinf  functions  of  the  sat,  not 
only  tha  checks  end  adjustments  but  trouble  shoot- 
ing at  tha  llna  level  requires  a thorough  famili- 
arity with  tha  equipment  at  tha  block  diagram  level 
(rather  than  tha  circuit  diagram).  Tha  block  die. 
gram  emphasises  and  simplifies  tha  interaction 
of  one  black  box  with  another  ratherthanthemase 
of  circuits  within  each  box.  It  must  be  concluded 
that  additional  time  spent  in  actual  practice  on 
live  mock-ups  ia  required  if  the  student  is  to  be- 
come familiar  with  the  aet  functioning  as  a whole. 

Another  conclusion,  tentative  as  yet,  is  that  a 
somewhat  greater  proportion  of  the  time  devoted 
to  actual  practice  of  the  job  behaviors  in  a simu- 
lated job  context  than  is  now  spent  would  be  of 

' SCt  Mnlu  1 wma/wwmwr»w  jcb, 

but  in  clarifying  tor  the  student  what  hia  training 
is  Intended  to  accomplish. 

More  car.  be  said  about  this  last  point.  Because 
of  the  admixture  of  training  to  work  at  the  black 
box  level  end  at  the  reaietor.coadenser  level,  it 
impossible  that  the  student  is  not  sbie  to  develop 
s clear  idea  of  what  his  eventual  tasks  are  going 
to  bo.  This  type  of  confusion  may  not  only  have 
its  motivational  consequences,  but  it  mev  inter- 
fere r.’lth  efficient  orientation  toward  learning  the 
job.  This  point  is,  of  course,  a matter  of  conjecture. 

Disregarding  the  degree  of  practice  given  to 
students,  the  analysis  of  the  contents  ot  these 
two  courses  (systems  checker  and  systems  ane- 
ly«f>  !r.d*cates  that  the  line  Job  is  covered  by  the 
content*  of  both  courses  taken  together.  But  both 
courses  have  a large  amount  of  additional  content 
some  of  which  is  reievunt  to  shop  maintenance. 
The  Lutal  training  time  did  not  seem  adequate, 
however,  to  teach  one  set  of  students  both  line 
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and  shop  maintenance  to  an  acceptable  level  of 
job  proficiency.  It  should  be  emphasised  that  this 
requires  a large  amount  of  practice  in  job  con- 
texts. An  actor  or  musician  does  n 4 rush  out  to 
perform  publicly  after  hla  first  rehearsal  without 
error*  rather  ha  **overlearns'‘  by  "over-practice" 
to  allow  for  inefficiencies  of  memory  end  local 
disturbances  of  vsrioua  kinds. 

With  improved  methods  for  anticipant*  the  total 
m*i instance  job  in  specific  behavior^  terms,  it 
seema  possible  that  decisions  on  job  division 
can  be  made  more  realistically.  Cnee  the  total 
bshaviors required  by  the  equipment  are  specified 
in  concrete  terms,  thass  total  requirements  can  be 
broken  down  into  pattens  of  individual  jo  os  such 
as  lias  mechanic  or  shop  mechanic.  The  factors 
to  be  taken  Into  account  ere;  (1)  what  breakdown 
of  the  whole  melntanaace  task  will  be  operation 
ally  practical  yet  at  tha  same  time  permit  (7) 
selection  and  training  for  each  job  rating  to  be 
made  as  economically  am  possible  while  (3)  pro- 
viding  a realistic  opportunity  for  flexibility  in 
reassignment  to  doasly  related  jobs  following 
oo-the-job  training. 

These  recommendations  do  not,  however,  require 
job  specialisation.  Thus  tha  operations!  demands 
and  over- all  job  requirements  may  indicate  that 
it  would  be  most  economical  net  to  make  a split 
into  several  jobs.  But  the  decision  whether  or  not 
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be  best  mada  after  tha  job  requirements  (end  their 
training  implications)  are  celled  out. 

Principles  in  Designing  Equipment  far 
Sieplidty  of  Maintenance 

Although  the  preceding  discussion  has  been 
directed  exclusively  toward  the  mechanic's  Job 
in  maintenance,  a few  words  should  also  be  di- 
rected toward  the  design  engineer's  job  in  plan- 
ning for  maintenance.  Thia  is  tha  problem  of 
maintenance  simplification,  it  is  important  to 
recognise  three  general  principles  which  may  be 
applied  to  the  p*r>Kj««  of  equipment  design  and 
the  mechanic’s  job.  The  first  is  the  design  of 
new  equipment  is  also  the  design  of  jobs. 
Two  job  areas  are  involved:  operating  the  equip- 
ment, and  maintaining  or  servicing  the  equipment. 
The  more  thst  what  is  known  about  humen  beings 
is  used  in  the  design  of  new  equipment,  the  better 
these  two  jobs  of  operating  and  aaintnining  can 
be  done.  Uni*'  in  designing  equipment, 
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much  nor*  effort  has  been  directed  toward  sim- 
plifying the  operate*'*  job  thsn  toward  simplify- 
lag  the  anintenonce  men's  job.  The  trend  toward 
planned  simplicity  in  the  mechanic's  job  needs 
to  be  stepped  up  and  made  more  systematic. 

A second  principle  fa  that  even  an  equipment 
which  performs  very  complex  operation*  cm  be 
designed  so  that  it  ia  not  only  cooperatively 
easy  to  operate  but  ta  comparatively  emay  to 
maintain.  For  example,  by  making  parts  which 
at*  standard  and  interchangeable,  strides  can  be 
made  in  this  direction.  Simple  methods  of  testing 
tbs  equipment  end  packaging  it  so  as  to  simplify 
trouble  shooting  snd  replacement  of  defective 
parts  aie  other  examples. 

A third  principle  is  that  the  dependability  and 
audntainability  oi  a new  equipment  in  roof  retie 
Held  conditions  ahould  enter  into  the  decision  of 
whether  it  iadeetrable,  koto  a military  rt endpoint, 
to  uee  the  equipment.  That  is,  the  manpower  price 
should  f>«  included  In  the  cost  picture. 

The  research  reported  in  these  pages  is  con- 
cerned, at  least  indirectly,  with  methods  for 
impleaiedting  these  three  principles.  However, 
as  noted  previously,  the  major  purpose  of  the 
investigation,  sad  oue  with  potentially  immediate 
pay-off  results,  ts  the  study  of  how  to  predict  the 
job  ot  maintenance  mechanics  on  a new  piece  of 
equipment  before  that  equipment  hss  been  mano- 
racmisd  in  quantity. 


Practical  Implications 

A number  of  primary  and  secondary  practical 
outcomes  of  the  research  are  indicated  thus  far. 
The  realisation  of  some  of  these  outcomes  in- 
volves more  research.  Others  tequire  the  applica- 
tion of  principles  snd  techniques  obtained  directly 
from  the  research  described  herein.  The  general 
areas  of  these  applications  are  sumriarized  inthe 
following  section. 

General  Areas  ef  Appl leafier. t 

Mdw»w>w>c«  Use  Sties  C—  SeTrWaad  ta»  That* 

V1HU  N*w  IfilfMint  Is  in  Pr*4uctler 

According  to  various  officials,  both  In  factory 
training  and  in  the  AirTroinicg  Command,  it  would 
be  practically  unique  to  begin  work  on  a training 
syllabus  f'oa  a complete  statement  of  job  require- 
ments. In  the  past  these  job  statements  heve  not 
been  available.  Thus  persons  responsible  tor 


trailing  have  had  their  intuitions  about  equipment 
and  hunches  about  teaching  heavily  taxed. 

Uxir.g  the  procedures  developed  in  this  project, 
maintenance  job  anticipation*  lot  equipment  in 
pre-production  stages  of  development  could  be 
mad*.  These  job  anticipations  could  then  be 
organized  into  training  tequtrementa.  In  ether 
words,  the  training  content  of  courses  Intended 
for  specific  equipment  ssintenaifce  would  be 
spelled  out. 

Job  behaviors  obtained  in  advance  could  also 
be  used  for  the  piep station  of  selection  procedures 
snd  job-oriented  proficiency  criteria. 

The  development  snd  tryout  of  training  aids 
end  devices  may  be  undertaken  concurrent  with 
late  prototype  and  early  production  stages.  A 
clause  in  recent  contracts  with  manufacturers  in 
the  development  of  equipment  stipulates  that 
sped al  plana  and  effort  will  be  given  to  xzodung 
out  training  aids  and  other  instructional  materials. 
This  c.'osoj  is  no*,  practical,  however,  unlearn  the 
the  training  aids  ere  actually  relevant  to  the 
learning  ol  the  job,  and  job  relevance  obviously 
cannot  be  determined  without  fmer ledge  ot  the 
job  actrvitiea.  The  anticipation  of  job  behavior* 
can  therefore  provide  a real  basis  for  the  design 
o!  training  aids  and  devices  early  enough  to  allow 
for  their  timely  development,  and  furthermore  it 

tw5d«tv  fciiginitwr  inv  ivxvtiukc  m inese  Q?VlCfl 

to  training, 

ri*  C»ss»i  FtVwti  sf  Radar  Maintenance  Jab 
Foailri  Can  Rmvide  Ha  3a air  Wr  a 
Radar  Fsadaaiantais  Caarsa 

|t  is  eeneraliy  cheaper  to  set  up  and  administer 
one  course  ol  “fundamentals”  ter  ten  groups  of 
specialists- to  be  thsn  to  teach  these  tame  funda- 
mentals separately  to  each  group.  This  presumes 
that  the  same  training  materials  am  relevant  to 
all  the  groups  trained.  However,  it  seems  isipow 
ism  to  specify  basic  or  fundamental  knowledges, 
skills,  and  sbilities  from  job  derived  data  and 
toward*  fob  directed  criteria  rather  than  to  em- 
it ume  the  nature  of  these  fundamentals  in  planning 
training  courses.  Thus,  rather  than  assuming  text- 
theory  to  be  s neccsua:>  p*rt  of  training  the 
mechanic,  the  job  activities  should  be  studied 
htat,  From  them  perhaps  n Job-oriented  set  of 
"general " principles  can  bo  prepared. 

The  Q-24  job  analysis  is  owe  in  a number  of 
simiier  annlyses  whicn  are  to  be  made  on  related 
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kinds  of  equipment.  From  th»*»  vsheua  analyses 
there  can  bo  foond  those  job  requirements  which 
are  common  to  the  job  family  cf.  say,  radar  me- 
chanics. From  the  training  xtandpolnt,  these  com- 
mon job  ren  'iremsnta  are  "basic"  cr  "funda- 
mental" to  the  Job  group. 

One  can  say  with  confidence  that  one  job  re- 
quirement common  to  all  technical  joba  is  the 
ability  to  read  technical  orders  and  translate  them 
icto  job  action.  The  more  difficult  the  technical 
orders  ere  to  »*»d  and  interpret,  the  more  the 
training  which  is  seeded.  Unless  the  student  is 


and  to  push  then:  higher  would  not  be  warranted 
in  terms  of  costn  unless  the  character  of  selec- 
tion and  training  methods  ware  first  changed. 

Altlrough  the  present  research  will  not  by  any 
means  solve  all  of  these  problems,  ft  is  expected 
to  provide  some  information  to  support  or  refute 
hunch*"  to  what  content  ahonld  be  MohaaitM) 
in  “basic"  or  ’fundaceotal"  courses. 

An  one  aystem  becomes  obsolete,  mechanics 
become  available  for  transfer  to  a new  equipment 
system.  By  showing  job  aimilsritiea  and  differ- 
ence* between  earlier  and  later  systems  such  as. 


able  to  carry  in  his  head  the  entire  contents  of 
the  directions  in  tha  technical  orders,  he  will 
have  to  interpret  them  (or  get  somebody  else  to 
interpret  them)  when  be  gets  on  the  job. 

Tha  knowledge  “basic"  to  the  desige  of  a 
radar  is  not  necessarily  ''basic"  to  msintuining 
it  This  «wiaes  an  issue  which  daserves  at  least 
s paragraph  here.  The  nature  and  extent  of  train- 
ing, in  some  cases,  seems  to  have  been  detai -mined 
on  the  basis  of  phrasea  such  as,  "Vo  dont  want 
meatball  mechanics  who  can't  do  anything  but 
follow  the  cookbook,"  rather  than  on  the  basis  of 
concrete  facts  and  definitions.  It  Is  easy  to  reply 
that  one  would  prefer  eating  a cake  baked  by  fol- 
lowing a good  cookbook  than  Improvised  by  some 
kitchen  chemist,  but  debete  on  this  level  is  more 
■ in  oi  in  than  heip  to  (he  prnhiam.  There  >S 
probably  agreement  that  what  ia  wanted,  as  s 
minimum,  ismechamcsobo  cun  perform  procedures 
according  to  directions  and  do  so  with  rapidity, 
thoroughness,  and  accuracy.  As  a maximum,  me- 
chanics who  were  potentially  able  to  redesign 
and  rebuild  the  cntiie  sot  fioa,  bailing  wire  and 
toothpicks  in  a few  hours  would  be  desirable. 

Another  kind  of  statement  frequently  heard  ia 
“A  man  can't  or  won't  do  a good  job  if  he  doesn't 
understand  what  he  is  doing."  The  joker  in  this 
sentence  is  the  word  ' 'unde  rat  end."  It  ia  true 
that  Joe  will  work  harder  when  he  has  work- routed 
objectives  and  a knowledge  of  how  his  various 
activities  lead  to  that  objective.  Bui  this  knowl- 
edge, like  the  answer  to  the  question  "What  is 
aex,  Daddy?"  may  occur  at  various  levels  and 


for  Instance,  AN/APQ-24,  K-l,  and  others,  n 
picture  will  be  obtained  on  what  fa  essential  foe 
transition  training 

Pray  ml «S  Taakataai  Ordara  ta  Safcevtaral  T«<u 

A"  ideal  set  of  job  instructions  would  be  those 
exactly  sufficient  to  enable  ■ person  knowing  only 
the  names  and  locations  of  the  objects  referred 
to  In  the  instructions  to petfoon,  without  additions! 
help  or  experience,  all  the  routine  procedures  of 
that  job.  This  ideal  may  not  be  altogether  unreal- 
istic. 

Technical  orders  are  usually  prepared  by  engi- 
neers. Their  style,  content,  and  format  seem  in- 
tended fat  fellow  professional  engineers.  Theory. 
sad  details  of  construction  and  equips  eat  acticn, 
as  well  as  ether  kinds  of  information,  surround 
and  interlard  specuic  instructions  on  whai  to  do 
and  when  to  do  it.  Job  instructions  in  these  tech- 
nical orders,  although  accurate,  tend  to  be  in- 
complete and  unclear  except  perhaps  to  one  who 
already  knows  the  procedures. 

A complete,  clearly  written  set  of  job  instruc- 
tions may  not  only  supplement  a training  program, 
but  in  some  cases  it  may  actually  take  the  place 
of  training.  If  printed  words  cannot  communicate, 
then  the  mechanic  must  learn  by  doing  and  by 
■ il  C ”1  rO  r,  1 ui  g — MM  to  du.  The  performance  check 
of  one  equipment  may  consist  of  several  hundred 
steps.  This  takes  e lot  of  memorising. 

The  present  project  has  developed  methods  of 


still  be  valid  and  satisfactory  to  the  one  asking 
the  question.  It  is  a leaeaich  problem  to  determine 
what  information  is  most  easily  learned  by  the 
mechanic  wit  is  most  effective  in  getting  the  job 
done  well.  More  rigid  selection  and  lengthier 
training  might,  no  doubt,  increase  the  number  of 
potential  problems  which  the  graduates  can  solve. 
But  standards  tn  tliehc  icspetts  ate  already  high 


Mtlnj  down  job  activity  data  on  Job  Behavior 
Forms  (a  sample  page  was  provided  in  Figure 
1).  Besides  serving  a research  purpose,  this 
scheme  may  be  adapted  to  a method  of  setting 
down  maintenance  instructions.  Although  it  may 
seem  at  first  glance  somewhat  cumbersome,  the 
format  can  be  quickly  learned  both  by  the  writer 
end  the  reader  of  technical  instructions.  The 
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format  miru«i*aalili.ai>  skill  in  composition  and 
interpretation  with  a corresponding  gain  in  clear- 
ness. 

Work  also  needs  to  be  done  on  simplifying  the 
terminology  in  use.  This  would  be  a task  involving 
major  revision  of  current  technical  vocabulary. 

A set  of  complete  and  dear  job  instructions 
can  serve  msny  purposes  including  those  of  train- 
ing and  proficiency  evaluation.  Most  important  of 
ell,  they  can  be  a crucial  instrument  in  simplifying 
learning  sad  doing  the  job. 

The  research  ataff  on  thia  project  is  interested 
in  further  adapting  and  testing  this  promising 
technique  of  “job  activity  communications*’  to 
technical  orders  and  handbooks  of  maintenance 
instructions.  This  work,  if  begun  in  the  earlier, 
stages  of  production  of  new  equipment,  can  obtain 
two  objectives  with  one  effort.  The  first  objective 
ts  s comprehensive  job  statement  from  which  job 
analyses  may  be  made  for  training  and  selection 
purposes.  The  second  is,  of  course,  a usable 
handbook  of  job  instructions  for  both  trainees  and 
technical  school  graduates- 

CMMOTnaHaa  Daslpi  w.4  Jab  Datlsr. 

One  of  the  by-products  of  this  research  has 

bee?;  the  *ecesci!io=  e?  the  cf  in 

tecrating  job  design  and  equipment  design  at 
early  stages  of  equipment  development.  The  com- 
parative simplicity  or  difficulty  of  the  maintenance 
job  is  built  into  the  equipment.  The  engineer  is 
designing  s job  when  he  designs,  for  example,  a 
radar  set.  The  engineer  should  be  ixa«  of  the 
capabilities  and  the  limitations  ot  the  human 
beings  on  whom  effective  operational  use  of  the 
equipment  depends.  There  has  been  s gw  at  deal 
of  research  in  terms  of  which  specialists  can 
specify,  with  respect  to  a given  piece  of  equip- 
ment, the  activities  which  human  beings  cun  snd 
cannot  learn  to  do  readily  aari  with  a minimum 
risk  of  error,  Specisliats  in  human  resources  and 
in  actual  training  should  assist  in  plenring  what 
the  equipment  wiil  be.  The  planning  engineers 
may  need  to  be  reminded  that  the  equipment  will 
be  no  better  than  its  maintenance.  Tho  manufac- 
ture meeds  to  be  advised  that  he  shou.d  not  count 
on  having  engineering  coiiege  graduates  tc  keep 
the  equipment  serviced.  He  should  count,  rather, 
on  high  school  graduates  somewhat,  but  not  dart* 
lingiy,  above  average  intelligence.  They  wiil 
p;ob«bly  have  a number  of  weeks  of  schooling  in 


their  job  but  only  a few  hours  of  real  practice  of 
their  job  operations  on  actual  equipment  before 
they  get  placed  or.  their  jobs. 

The  design  of  testing  gear  and  of  testing  pro- 
cedures may  also  profit  by  assistance  from  human 
resources  and  training  specialists  in  planning 
early  in  the  development  of  the  system.  Thus, 
although  the  engineering  psychologist  and  the 
instructor  may  be  a nuisance  to  tba  design  engi- 
neer, rheir  criticisms  and  constructive  sugges- 
tions on  check  and  tetf  points,  testing  geai,  aud 
packaging  of  the  aei  should  pay  off  by  savings 
in  training  and  other  manpower  requirements  for 
maintenance. 

In  the  course  of  this  research  some  information 
nst  been  collected  about  how  to  design  equipment 
for  the  simplifying  of  maintenance.  Thia  iafow 
mation  is  by  no  means  exhaustive  of  the  many 
developments  being  made  by  various  uaaofao- 
turera  who  have  been  working  individually  on 
this  problem.  Foc-liu*  or  information  of  this  type 
among  the  services  would  be  very  beneficial. 
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Another  by-product  of  this  research  was  tits 
development  of  the  Standard  Maintenance  Form 
fa*e  Aiin<nuU«  A)  Yhi«  • forest  end  s pro- 
cedure for  getting  and  storing  maintenance  activity 
dots,  the  absence  of  which  was  a severe  handi- 
cap, not  only  to  the  present  research  effort,  but 
also  was  s frequent  source  of  embarrassment  to 
the  Air  Foice  in  solving  many  other  problems. 

An  organization,  like  an  Individual,  can  profit 
from  experience.  In  order  to  do  so  it  must  observe 
and  remember  information.  The  more  accurately 
snd  completely  relevant  details  are  noted,  the 
rwrordi  obi  yean  the  information  be  used  in  solv- 
ing the  next  problem.  But  the  memory  system  of 
an  organization  consists  of  ita  records. 

Although  extensive  improvements  have  been 
noted  in  maintenance  record-keeping  during  the 
past  two  year*.  attention  may  still  with  nratit  be 
directed  towards  the  problem.  Ideally,  mainte- 
nance records  suitably  monitored  and  interpreted 
should  provide  dots  which  cay  haip  lbs  following 
function* 

1.  Guide  the  modification  of  equipment, 
testing  devices,  maintenance,  &nd  opereting  pro* 
ceduies. 

2.  Design  of  maintenance  jobs. 
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3.  Predict  job  requirements  in  overall  main- 
tenance of  e given  type  of  equipment  when  used 
during  prototype  testing 

A.  Standardize  and  simplify  recording,  clas- 
sify tog.  and  filing  of  maintenance  information. 

5.  Aid  maintenance  petsonsel  on  the  iine 
in  their  duties. 

6.  Help  find  bottlenecks  in  maintenance 
operations. 

7.  Provide  criterion  data  for  evaluating 
maintenance  at  the  level  of  individuals,  organ- 
isations, fields,  and  equipment  systems. 

Only  such  data  should  be  obtained  which  actu- 
ally will  be  pneessed  and  from  which  deal  aions 
will  be  made.  If,  however,  it  la  decided  that  s 
given  form  of  data  will  be  collected,  thorough 
indoctrination  and  monitoring  must  be  given  to 
those  who  note  and  record  tbeee  data;  otherwise 
the  information  will  be  biased,  incomplete,  and 
misleading*  Moat  people  who  work  with  tools  end 
instruments  look  on  record-keeping  as  a nuisance 
chore.  This  attitude  ia  fostered  by  poorly  organ- 
ized forma,  requirements  of  excessive  writing 
and  literary  effort,  the  belief  that  nothing  will 
oorae  of  the  information  recorded,  aad  finally, 
the  indifference  of  supervisors. 

If  recording  of  information  is  to  be  done  at  all, 
it  muat  be  n^ade  an  essential  part  of  tbe  job  and 
scuognixed  aa  such  born  try  the  men  cr  the  job 
and  by  hi  a supervisor.  Indoctrination  muat  be 
started  during  training  so  that  record- keep  lag 
gets  learned  aa  an  integral  part  of  mrintenance 
work.  But  the  man  who  keens  records  must  be 
*»<u«  Mud  participate  in  their  consequence*  if 
he  ia  to  remain  motivated  If  he  sees  the  previous 
yearia  records  stuffed  in  e bottom  desk  draper 
gathering  dust,  he  wili  rightly  resent  the  red-tape 
paper  work  be  hea  to  do. 

The  present  research  has  developed  a format 
of  a Standard  Maintenance  Form  (Appendix  A) 
which  ia  especially  intended  for  electronic  sys- 
tems but  may  be  adapted  to  mechanical  systems 
aa  wail.  The  SWF  has  had  field  tryouts,  but  thus 
far  only  es  a temporary  and  accessory  fora  of 
record-keeping.*  Data  kapt  on  it  would  assist  in 
the  seven  functions  mentioned  several  paragraphs 
above.  Although  the  SHF  wan  designee  as  a re- 
aeurch  instrument,  it  ta  also  offered  aa  a format 
for  recordkeeping  wherever  complex  electronic 
gear  is  under  maintenance. 
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Overview  and  Forecast 

A brief  overview  msy  helo  to  shoe  where  this 
research  now  stands  and  what  directious  it  is 
pi  coped  to  take. 

Methods  have  been  developed  for  making  com- 
plete, concrete  statements  of  the  malnteaeace 
job,  These  method*  rely  on  an  analysis  of  whrt 
the  men  must  do.  The  analysis  is  based  on  the 
construction  of  the  equipment  plus  data  on  mal- 
functions and  corrective  actions  taken  from  main- 
tenance activities-.  The  technique  war  applied  to 
Q-24  prototype  date  and  compared  *ith  s similar 
analysis  made  of  the  production  me -data  of  the 
Q-24  used  in  Strategic  Air  Command  Tbe  flight 
line  maintenance  jobs  described  by  these  two 
analyses  were  very  similar.  This  suggests  that 
actual  training  on  specific  job  behaviors  of  Q-24 
line  mechanics  could  have  been  prepared  and 
given  before  production  models  were  in  use. 

Current  aad  future  research  on  other  equipments 
will  demonstrate  whether  specific  and  detailed 
maintenance  job  requirements  can  be  similarly 
anticipated  os  them.  If  ao,  the  methods  for  Job 
anticipation  can  be  recommended  as  a standard 
practical.  If  this  is  done,  years  of  land  time  In 
training  may  be  saved  whenever  there  is  made  a 
“calculated  risk”  tie*  the  nm*nh*..  rrill; 
go  into  production. 
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rationale,  aid  uaa  of  lha 


The  job  of  maintenance  can  be  simplified  by 
suitable  job  design  aad  division  of  oven-all  main- 
tenance into  individual  jobs.  These  ends  can  in 
put  be  achieved  by  engineering  design  coordi- 
nated with  job  design.  A revised  method  of  set- 
ting down  job  inrtroctiona  (technical  ciders)  may 
also  do  much  to  simplify  training  aad  performance 
cf  maintenance:  The  present  research  baa  de- 
veloped formats  which  may  aid  in  this  simplifica- 
tion program. 

Tbe  stress  on  the  collection  of  job  data  led  to 
the  design  of  a forms*,  celled  a Standard  Mainte- 
nance Form.  This  SMF  la  also  intended  to  get, 
with  minimum  effort  in  writing,  data  for  diagnos- 
ing what  needs  to  be  done  in  set  modification, 
training,  and  maintenance  operations.  An  attempt 
wili  be  made  to  ret  wider  application  sf  simple 
techniques  for  getting  end  processing  data  from 
prototype  and  field  maintenance  activUiee,  It 
ia  intended  later  to  try  using  the  SMF  for  indi- 
vidual tnd organizational  criterisof  effectiveness, 

Dy  collecting  iob  information  on  th«-  dele  of 
several  rsdar  mechanics'  jobs  st  various  levels. 
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it  is  expected  to  find  out  what  elements  they 
have  in  common.  These  ''elements*'  will  not  be 
derived  from  a nr, chair  opinions  such  as  “if  they 
all  work  with  electronic  equipment  they  have  to 
'know*  electronics."  This  may  turn  out  to  be  true 
in  certain  ways  or  it  may  not.  It  is  sound,  at  least 
from  an  economical  standpoint,  to  find  oat  what 
actual  job  b chart  or  a an  common  to  the  varioum 
jobm.  Then  it  can  be  insured  that  practice  can  be 
given  on  such  behaviors  in  so-called  “basic"  or 
“fundamental  "schools.  Os  tbs  basis  of  these  com- 
mon job  behaviors  it  may  be  learned  what  "know- 
ledge" or  principles  to  teach  the  mechanic  which 
will  most  effectively  brine  his  intelligence  end 
interest  to  bear  on  his  job  problems. 

During  the  period  of  work  on  this  contract  there 
ia  evidence  of  some  "spontaneous  creeping" 
towards  many  of  the  suggestions  proposed  hem. 
Through  trial-end- error  of  manufacturers,  engi- 
neering development,  an;'  technical  training, 
these  people  themselves  are  changing  in  the 
directions  proposed  in  this  report.  Research, 
however,  speeds  and  makea  systematic  the  nonsal 
trial- and- error  process.  It  can  also  make  results 
available  to  a wide  audience  rather  than  allowing 
them  to  stay  locked  in  the  heads  of  one  or  two 
people 
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An  Out  fs*  of  tfc-  Logic  in  Fu  .ctlenoi 

Analysis 


The  following  steps  an  intended  to  trace  broar- 
ly  the  relationships  betwe*n  the  over- ill  purpose 
a objective  of  the  equipment  and  the  job  actions 
which  most  be  performed  on  the  equipment  Id 
other  words,  the  “job"  of  the  machine  is  shown 
as  interlocking  with  the  job  of  the  man.  This 
analysis  mty  be  carried  down  to  extremely  spe- 
cific maa- machine  tasks.  Although  the  present 
context  is  that  of  the  maintenance  job,  the  same 
o might  also  be  applied  in  determining  the 
job  action  requirements  of  the  operator  of  the 
equipment 

A detailed  extension  of  this  scheme  provides 
a basis  for  integrating  equipment  design  and  job 
design  during  their  formative  stages.  It  also 
provides  fore  systematic  job  analysis.  (Note  that 
a fictitious  example  is  (Ivors) 

J.  t that  im  the  operatise  of  fwactiae  of  the 
eqttipmanl?  The  operation#!  objective  and  its 
Units  era  determined  by  military  specifications. 
For  example,  Ah/X  radar  bombing  oquipmant  has 
as  its  function  um  cropping  o i bombs  with  50  mil 
nccuracy  on  the  basis  of  specified  kinds  of  iiqiut 
information  to  the  equipment  Fifty  mils  is  the 
“tolerance  limit"  set  for  the  equipment  as  e 
whole. 

Z Whet  an  tbo  rmloblet  fa  tha  epereHeael 
function  which  ere  controlled  by  the  aqnipmmt? 
These  variables  usually  arise  from  natural  phe- 
nomena. In  equipment  A «/X  those  . ariable-i  are 
the  variables  of  the  “bombing  and  o»*‘igational 
problem"  such  a*  distance  from  *;roat,  wind 
direction,  wind  velocity,  air  or  ground  speed  of 
aircraft,  bomb  belli  otic  s,  arid  so  forth.  Subsystems 
o t the  equipment  control  each  of  these  variab’*s 
with  specified  telcrurce  Baits  of  accuracy,  Tha 
tolwiwucw  limit  of  air  buubiwvu.  together  . — Uo- 
terminedby  tha  tolerance  limit  for  the  operational 
function. 

3,  Vf'hai  art.'  toe  btorecthn  requirements  of 
the  part a of  the  equipment  to  each  other  within 
subsystems?  This  requirement  is  uefirtc-d  by  the 
tolerance  iimiia  permitted  for  the  specific 
system  in  question,  in  the  AN/ V »uL»y»ieii.  tut 
the  control  of  “a.tvuiwr  i;nr,~  target’’1  the 


output  from  each  component  must  vary  wu/ur 
specified  limits  in  relation  to  the  data  fed  into  the 
components  of  the  subsystem.  These  equipment 
interaction  requirec-'-nts  involve  the  engineering 
problems  which  the  design  of  circuits  and  me- 
chanisms most  solve.  A sample  statement  would 
he.  “When  snort  A is  rotating  at  x,  the  charging 
rate  of  the  generator  moat  be  within  2 amperes  of 
value  yor  the  equipment  will  tend  not  to  control 
for  angular  distance  from  the  target  within  allow- 
able tolerance*. " 

4,  B 'hot  ere  the  ieJlceter  requirements  of  the 
equipment?  These  errs  provided  by  the  engineering 
designers.  They  offer  direct  or  indirect  evidence 
of  the  adequacy  of  operation  of  the  set  and  its 
components.  For  example,  “Chen  the  Revolutiona- 
peMlimrte  indicator  is  100  plua  or  minus  the 
width  of  the  needle,  the  Ret e-of-Ch eras  meter 
oust  read  25  plus  or  minus  2 units." 

& Bhutan tb»  '•vchenfc’s  Ittfemetlss  roqsi.o 
merrier  in  viccr  words,  what  tuuol  the  set  teii  the 
mechanic  so  that  be  will  know  it  it  (or  some  por- 
tion) is  performing  adequately?  This  set  of  re- 
quirement!! in  mads  up  in  port  from  what  can  be 
doae  by  the  mechoor.c  to  correct  the  component's 
action  and  in  part  froo.  what  needs  to  oe  known 
in  order  to  decide  whether  the  equipment  should 
or  should  not  be  used  in  a mission.  The  charac- 
teristics both  of  the  mechanic  and  of  the  equip- 
ment make  up  thisrequirement.  Pointer  indications 
on  the  RPM  and  Rate-of-Chasge  indicator*  require 
that  the  mechanic  tell  the  difference  between  an 
in-tolerance  and  out-of-tolerance  reeding. 

6.  What  ere  the  mechanic  s action  requirement  a? 
What  doea  the  mechanic  have  to  do,  and  do  it 
with,  and  to  ••hat,  tn  order  that  tie  set  will  oper- 
ate properly?  Both  theeouipment  sod  the  mechanic 
together  pose  these  requirement;;.  They  involve 
the  ways  in  wh-cb  the  mechanic  cm  control  the 
change  of  action  of  the  set  or  portionn  uf  It.  Thus, 
he  have  a “Rate-of-Charge’*  adjustment 

sdee.  Wh*m  he  turns  it  to  the  right,  the  charge 
rare  increases;  when  he  turns  it  to  the  left, 

A me- 
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7.  What  are  the  m*cf>ani'c'a  faaAtcJi  In  form  r* 
tfoa  requirements?  Whs.  will  tell  the  mechanic 
that  his  attempted  corrective  action  was  adequate 
or  inadequate?  If  his  first  response  fulls  to  be 
adequate,  other  uctious  which  be  ma>  take  to 
hung  <hfi  needle  into  the  correct  position  may  ‘le 
spelled  out*  These  alternatives  Oereme  aabtsska 
iu  tbe  job. 

Mote  thot  steps  5,  6.  ana  7 ue  the  job  of  the 


mechanic  into  th«  job  which  tot  equipment  has  to 
perform.  Steps  4 and  blink  tbe  action  of  the  equip- 
ment to  the  action  required  of  the  mechanic  and 
are  the  steps  where  engineering  desigq  end  fob 
design  come  together.  This  is  siao  trie  in  Step 
7.  in  the  engineer's  language,  the  functions  of 
the  mechanic  o!us  the  function  uf  the  equipme-.  ? 
form  a " closed  loop.  ” 


mkUuilt  ckMUir^.^..L  : 


